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Variable angle locking screws facilitate column-specific fixation even in osteoporotic bones, and extend the application to a wider spectrum of fractures, with good outcome and few complications. [2] [3] [4] Known complications include tendon irritation/attrition/rupture, loss of reduction, and intra-articular screw placement. [4] [5] [6] [7] [8] Mechanical failures of the volar locking plate are few. Early unprotected loading, inadequate screw purchase, and screw loosening were some of the factors contributing to plate bending/breakage. [4] [5] [6] [7] [8] We reviewed 9 cases of mechanical failure of the volar locking plate and identified the contributing factors. . The patients were operated on under general or regional anaesthesia and tourniquet control. The wrist was exposed through the volar approach along the flexor carpi radialis. Fracture reduction and implant placement were assessed using fluoroscopy.
Materials and Methods

Between
Postoperatively, the patients were fitted with removable wrist splints to facilitate protected mobilisation for 6 weeks. During follow-up (6 weeks to 2 years), pain score, range of motion, grip strength, radiographs, and Green-O'Brien score were assessed.
Mechanical failures of the volar locking plate were defined as plate breakage/bending, screw breakage/loosening, or collapse of articular fragments resulting in intra-articular screw extrusion. Patient demographics, AO classification of fractures, implant type, radiographic parameters (volar tilt, ulnar variance, radial inclination), mode of mechanical failure (screw/plate failure), and clinical outcomes (range of motion, Green-O'Brien score) were analysed.
results
Nine mechanical failures occurred between 2 weeks and 3 months in 8 (2.4%) of the patients aged 25 to 82 (median, 74) years with AO fracture types of A3 (n=4), C1 (n=1), C2 (n=1), and C3 (n=3) [ Table] .
In 2 patients, the plate was bent at the metaphyseal region ( Fig. 1 ). Both were asymptomatic and had adequate range of motion; revision surgery was not necessary. One of them underwent implant removal for flexor tendon irritation.
In one patient, all 3 distal row screws were broken resulting in loss of radial height and inclination and dorsal angulation of the articular fragment. The patient had minimal pain with satisfactory range of motion, and was therefore treated conservatively ( Fig. 2) .
In one patient, loosening of variable angle locking polyaxial screws resulted in dorsal tilt of the articular fragment ( Fig. 3 ) and sudden onset of wrist pain during therapy at 2 weeks. Revision surgery was declined, and the wrist pain improved after 4 weeks of splinting.
In 4 patients, 5 screw pullouts occurred in the distal (n=1) or proximal (n=4) row. One of them underwent revision surgery to correct the radial tilt (Fig. 4) . Another underwent removal of the loosened articular screw and implants because of flexor tendon synovitis, but the comminuted lunate facet fracture collapsed resulting in distal radio-ulnar joint pain and instability (Fig. 5 ).
All patients were followed up for a minimum of 12 months, their mean flexion arc was 87º (standard deviation [SD], 17º; range, 70º-104º) and the mean rotation arc was 136º (SD, 29; range, 107º-165º). According to the Green and O'Brien score, their outcomes were good (n=1), fair (n=4), and poor (n=3). All patients had resumed their previous work, except for one.
discussion
In biomechanical studies, plates are more resistant to bending in dorsal wedge fractures compared to segmental bone defects. 10, 11 This highlights the importance of cortical integrity in maintenance of implant stability. Volar-dorsal metaphyseal comminuted fractures may benefit from a longer period of immobilisation. Regaining of range of motion and grip strength is similar in patients with 2 versus 6 weeks of cast immobilisation following internal fixation for distal radial fractures. 9 Loosening tends to occur in the screw-plate locking interface of implants with smaller threads at the head of locking screws. 11 It is postulated that micromotion leads to eventual failure of the locking interface. 11 Nonetheless, factors such as fracture configuration, stabilisation strategy, and patients' postoperative compliance play a greater role than implant design. In clinical studies, successful outcome with different implants has been reported. 3, 4 Distal row screw breakage is uncommon. 6 Segmental metaphyseal defects increase the likelihood of screw breakage. 12 Greater stability can be obtained by engaging at least 4 as opposed to 3 screws in the distal fragment. 13 In simulated AO type C2 fractures, distal fixation with more screws (7 versus 4) does not confer significant advantage in terms of stiffness and failure loads.
14 Placement of a screw directed towards the radial styloid results in greater stability and fewer screw breakages. 15 In our patient with breakage of all 3 distal screws, none of the screws were directed towards the radial styloid.
In our patient with loosening of the diaphyseal screws with monocortical purchase, the screw loosening could have been prevented with bicortical placement of locking screws along the diaphysis, although monocortical screw purchase is sufficiently stable because of the strong locking interface between screw head and plate. 16, 17 Nonetheless, bicortical screw purchase is more advantageous in terms of increasing working length and screw anchorage when the cortex is thin. 16, 17 At the watershed region of the distal radius, the dorsal cortex is thin and often comminuted, providing nominal screw purchase. Furthermore, most surgeons insert screws 1 to 2 mm shorter than measured depth to avoid extensor tendon attrition. The volar cortex and subchondral bone provide the bulk of the purchase for locking screws or pegs in maintaining fracture reduction. 18 Mechanical failure of the volar locking plate system can be due to implant biomechanics and patient factor (such as bone stock and compliance to rehabilitation). Surgeons should be cognisant of these.
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